) complexes from one another because an FL analysis of the complexes shows very similar emission spectra. The luminescence mechanism is often explained as follows: ligands first absorb ultraviolet (UV) excitation light; then, the luminescence is emitted due to the 4f* → 4f electronic transitions of Eu 3+ (or Tb 3+ ) after intramolecular energy transfer from the ligands to an Eu 3+ (or a Tb 3+ ) ion via an intersystem crossing, as in Fig. 1 . 4, 8 The luminescence is also emitted by the direct excitation of Eu 3+ (or Tb 3+ ) under visible light with wavelengths corresponding to those of the 4f → 4f* electronic transitions in Fig. 1 (bold arrows). Absorption bands are hardly observed in the region of visible wavelength in the excitation spectra of Eu 3+ (or Tb   3+ ) complexes in dilute solutions due to their very small molar extinction coefficient. In the spectra of powdered complexes, metal-centered absorption bands assigned to the 4f → 4f* electronic transitions are easily observed in the visible wavelength region. 9 The luminescence of those complexes is emitted with visible excitation at wavelengths of the 4f → 4f* electronic transitions. , respectively. The Eu 3+ and Tb 3+ complexes were discriminated by high-resolution emission spectra more distinctly and sensitively than by fluorescence spectrometry, the usual analytical method. of luminescent complexes using this system. 12 In this study, the microscope laser Raman spectrometer was examined in order to develop an analytical method for discriminating various types of traces of the Eu 3+ (or Tb 3+ ) complexes used as luminescent agents of markers.
This analytical method excellently distinguished a trace of luminescent Eu 3+ (or Tb 3+ ) complexes with organic ligands, compared to the use of a microscope spectrometer with a fluorescence detector (MSF), which is usually used as the analytical method.
Experimental

Samples
Twelve types of Eu 3+ complexes with six types of β-diketonate ligands [pivaloyltrifluoroacetonato (PTA), 2,2-dimethyl-6,6,7,7,8,8,8-heptafluoro-3,5-octanedionato (DMHFO), benzoyltrifluoroacetonato (BFA), furoyltrifluoroacetonato (FTA), thenoyltrifluoroacetonato (TTA), and naphtyltrifluoroacetonato (TFNB)] in both the absence and presence of 1,10-phenanthroline (Phen) were prepared as samples, as previously described. 3, 12, 13 Three types of Tb 3+ complexes with two types of β-diketonate ligands (PTA and DMHFO) and a trimesic acid (TMA) ligand in the presence of 1,10-phenanthroline were also prepared. All of these complexes were used as photoluminescent markers under UV light. 3 Apparatus FL. The excitation spectra of the complexes of Eu 3+ or Tb 3+ were measured at room temperature by a Hitachi F4500 fluorescence spectrophotometer equipped with a 150-W CW xenon lamp excitation source. The slit widths of the excitation and emission monochromators for measuring the excitation spectra were set to 1 and 5 nm, respectively. Powdered samples (several hundred milligrams) in a powder cell were measured. MSF. The emission spectra were measured using a Hitachi U-6500 Model microscope spectrometer with a fluorescence detector at an excitation wavelength of about 360 nm (330 to 380 nm). The light source was a 100-W high-pressure mercury lamp. The excitation light was focused on an area of the samples of 30 µm in diameter on a glass microscope slide using a 0.3 mm of pin hall (a spectral resolution of approximately 5 nm). Powdered samples (several tens of micrograms) were measured.
Microscope laser Raman spectrometer. Emission spectra were also measured at room temperature by a JASCO NRS-1000 microscope laser Raman spectrophotometer with a chargecoupled device detector. Using an entrance slit of 200 -300 µm, a spectral resolution of about 0.3 -0.4 nm was achieved.
An Ar laser power of 0.015 mW and a Nd:YAG laser power of 0.01 mW were focused on an area of the samples of 5 µm in diameter on a glass microscope slide. The samples were the same as measured by the MSF.
Procedure
The excitation spectra of complexes of Eu 3+ or Tb 3+ were measured in order to obtain a visible excitation wavelength suitable for measuring the emission spectra by visible laser excitation. The complexes were discriminated using the highresolution emission spectra by a microscope laser Raman spectrophotometer with the selected visible-wavelength laser. The emission spectra by the MSF with a spectral resolution of 5 nm were also measured for a comparison. The samples were powered complexes of Eu 3+ or Tb 3+ .
Results and Discussion
Excitation spectra of complexes of Eu 3+ or Tb 3+ Figure 2(a) shows a typical excitation spectrum for the 5 D0 → 7 F2 emission band of a powdered Eu 3+ complex by FL. Figure  2 (b) shows a typical excitation spectrum for the 5 D4 → 7 F5 emission band of a powdered Tb 3+ complex by FL. The ligandcentered absorption band was detected as the strongest band with a broad bandwidth at the region of the UV wavelength. Sharp bands were observed at the region of the visible wavelength and assigned to the 4f → 4f* electronic transitions of metal-centered absorption bands: 7 F0 → 5 D2, 7 F0 → 5 D1, and 7 F1 → 5 D1 bands at about 465, 526, and 534 nm in the spectrum of the Eu 3+ complex, 9 respectively, and the 7 F6 → 5 D4 band at about 486 nm in that of the Tb 3+ complex. 14 ligand-centered absorption band and the metal-centered absorption bands listed in Table 1 . F4 bands at about 580, 590, 610, 650 and 700 nm) in the emission spectrum of the Eu 3+ complex, respectively. For the Tb 3+ complex, the 5 D4 → 7 F5, 5 D4 → 7 F4 and 5 D4 → 7 F3 bands were observed at about 545, 590 and 620 nm, respectively. In a ligand field without inversion symmetry, the degeneracy in the J quantum number of the manifold is lifted, because at most 2J + 1 Stark levels are created for lanthanides, such as Eu 3+ (f 6 ) (or Tb 3+ (f 8 )) with an even number of felectrons; the 5 D0 → (or Tb 3+ ) complexes were distinctly discriminated in comparison with the numbers, wavelengths, and relative intensities of the split peaks of each emission band, as shown in Table 2 . In the europium β-diketonates, the numbers of split peaks of the complexes in the presence of a 1,10-phenanthroline is larger than those in the absence. The patterns of the split peaks in the high-resolution emission spectra are useful for discrimination of the Eu 3+ (or Tb 3+ ) complexes. On the other hand, the typical emission spectra of the complexes of Eu 3+ or Tb 3+ by the MSF with a spectral resolution of 5 nm are shown in Figs. 3(a-2) and 3(b-2), respectively. 3, 8, 15 The MSF analysis was not able to differentiate the Eu 3+ (or Tb 3+ ) complexes from one another in Table 2 , because the split peak structures were not observed due to the low-resolution spectrometer.
Conclusions
The emission spectra of luminescent Eu 3+ (or Tb   3+ ) complexes were measured using a microscope laser Raman spectrometer with a doubled Nd:YAG laser (532 nm) (or an Ar laser (488 nm)).
The excitation wavelengths corresponded to the wavelength of the 7 F1 → 5 D1 band of Eu 3+ (or 7 F6 → 5 D4 band of Tb 3+ ). The complexes of Eu 3+ or Tb 3+ were discriminated more distinctly and sensitively by the high-resolution emission spectra, compared to the MSF analysis as a conventional analytical method. Accordingly, the microscope laser Raman spectrometer is a superior analytical tool for the sensitive discrimination of luminescent complexes of Eu 3+ or Tb 3+ .
